NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



7*/! 3/p?/ 


NASA TECHNICAL MEMORANDUM 


NASA TM-75964 


RAT REACTION TO HYPOKINESIA AFTER PRIOR ADAPTATION TO HYPOXIA 


Bartashova, Z. I. and 0. I. Tarakanova 


(NASA-TH-75964) RAT REACTION TO H YPOKINESIA 
AFTER PRIOR ADAPTATION TO HYPOXIA (National 
Aeronautics and Space Adsinistration) 13 p 
HC A02/HF A0 1 CSCL 06C 

G3/51 


N80-15782 


Dnclas 

46922 


Translation of "Reaktsiya krys na gipckinesiu posle 
predvaritel'noy adaptatsii k gipoksii," Fiziolo- 
giflheskiy zhumal SSSR, Vol. xv, No. 37 March 
1974, pp 434 - 439 


/&• . 


/." ■ 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D. C. 20546 JANUARY 1980 


BAT REACTION TO HYPOKINESIA AFTER PRIOR ADAPTATION TO HYPOXIA 


Barbashova, Z. I. and 0. I. Tarakanova 
Laboratory far the Study of Resistance of the Organ! an 
(Head: Z. I. Barbashova) , Institute of Evolution- 

ary Physiology and Biochemistry im. I. M. 

Sechenov, USSR Academy of Sciences, 

Leningrad 

A study was made of 50-day hypokinesia with a preliminary month of adaptation /434* 
to hypoxia and maintenance of the hypoxia training condition during the entire per- 
iod of the hypokinesia effect. Die prophylactic effect of prior hypoxia adaptation 
on the subsequent influence of hypokinesia was shown. The prophylactic effect of 
hypoxia adaptation showed itself in decreased reduction of body weight, in higher 
indices far red blood content, in heightened reactivity of the overall organism and 
central nervous system to acute hypoxia and in increased resistance of the skeletal 
muscles to modification as compared with these same indices in animals subjected to 
the effect of hypokinesia alone. 

Die materials we had obtained, correlated in survey articles and monographs 
[3-5,11], justified the conclusion, that a month's training in a decompression cham- 
ber with the use of the hypoxia program ws had developed increased overall resistan- 
cy of the animals' organism. However in this context the resistance is relatively 
non-specific in character, since the animals become more resistant not only to hypo- 
xia but to many other adverse factors as well. 

It was also shown, that at the base of increased organic resistance there are 
adaptive processes not only in the functional systans (respiration, blood, blood 
circulation) but also at the cell level. It appears, that an increase in organic 
resistance is accompanied by a rise in the resistance of the central nervous system, 
myocardium, skeletal rascles and in the tissues there has been found a stimulation 
of oxidising and anaerobic metabolism, increase in the activity of a number of en- 
zymes, an increase in myoglobin content. There is also a change in the biochemical 
and biophysical properties of the erythrocytes and a change in the erythropoietic 
function of the bone marrow not only quantitatively but also qualitatively, etc. 

[4,5,10]. 
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Undoubted confirmation of the fact, that biochemical displacement* in the 
tissues and cell* play a real part in providing increased resistance of the total 
organism, is found not only in the concurrence of these processes at the moment 
of occurrence but also the results of experiments we have carried out on animals 
subjected to the effect of hypokinesia. A month of rigorous hypokinesia led to 
a iup in the resistance of the total organism, the central nervous syston, the 
myocardiun and the skeletal imsclea and in these tissues thre ap pe a red to be a 
decrease in the glycolysis rate and myoglobin content. The change in the blood 
picture likewise took on a diametrically apposite direction [6,8,9] . 

IXie to the results of the research described above we had to hypothesize, 
that prior hypoxia training might have a prophylactic effect also in respect to the 
subsequent action of hypokinesia. The p re s e nt report is devoted to a clarification 
of this problem. 

The experiments were conducted with a group of mongrel male rate subdivided t 
into 6 groups as shown in TfcfeAe 1. In each series of experiments control rats, 
selected for matching weight, were observed simultaneously. To restrict mo v ement 
the rats were put in individual box cages of plexiglass of a size that prevented the 
a nimals fran moving. Only the front pews and head were allowed a degree of mobility 
for use in feeding. They were kept in the cages around the clock with food and 
drink ad libitun. 

For purposes of hypoxia adaptation the animals were put in the deoonpression 
chamber 5 hours daily except for non-working days. On the first day altitude simu- 
lation was 2,500 m and was increased daily by 500 m until it reached 7,500 m. At 
that altitude the rats were trained until the month was up. Later in a longer ex- 
periment the rats were kept in the deocnpressicn chamber at 6,500 m for 3 hours on 
alternate days in order to prevent transfer training cn the part of the rats merely 
adapting to hypoxia and the rats in the box cages. On the other hand the idea was 
to try to maintain the condition of hypoxia adaptation and on the other not overin- 
tensify the effect of stress under ocnbined severe hypoxia and hypokinesia. 

The test animals and controls were weighed each week. On the day after the 
end of the experimental period there was a determination of erythrocyte and hanoglo- 
bin content in the blood and then an evaluation of the resistance of the entire or- 
ganism and central nervous system. 24 hours after these experiments the animals 
were decapitated and the resistance of the skeletal muscles measured. In order to 
assess overal resistance the animals were put singly under the hood of a non-venti- 
lated chamber, about four liters in volume, where for 35-40 seconds the air was ra- 
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TABLE 1. GROUP DISTRIBUTION OF TEST RATS 


I’acii|K'jc.ioHiio nojmiiJTHbix ii|ibic iio rpynnaM 


a 

an 

b 

VC.IUBHUC 

o(ju3Ha<ieHiin 

c 

Coatpmamie BKCUepiiMtsHTA 

n 

1 

AFjo 4 

30-uueBuan aflauramiH k niuoxcun 

14 

2 

Ar„ e 

rHj 0 f 

SU-AueBiia» aflairramiH « niuoxcun 

12 

3 

30-AiieBuax rauoKiiH&utn 

G 

4 

rn 10 * 

50-aHtfBuaH rHUuKuueaim 

G 

, :5 

-Al 

V) • 

KO-aiiubhm TpeHnpoBKa k rmioKcmi, 
H3 Kompou uepBhie 30 aneii ao 
jitnicTHux rnnoKuucauu, n uo- 
cJieaHue 50 AHeii — b xoxuuua- 



• 

miu c Heii 

11 

C 

L*iu. K»o* 

K0HT)K).'lkHhlC MUBOTllUC K KOXUOU 



^>H) 

rpvnue 

27 


Key: a. Group nunber 

b. Arbitrary designations 

c. Experiment content 

d. AH 3Q : 30 day adaptation to hypoxia 

e. AHqq: 80 day adaptation to hypooda 

f. HK 3Q : 30 day hypokinesia 

g. HK 5Q : 50 day hypokinesia 

h. AHon+HK—: 80 day hypoxia training, of which first 30 days for 

5 effect of hypokinesia and last 50 days in 
combination with it 

i. Rjq, Kjq, Kqq! control animals for each group 

refied to simulated 12,500 m. In cases where the animal began to present a convul- 
sive attack or if it was observed that the breathing ceased for a long time the 
"descent" was begun at once. Otherwise the animals were "brought dom" after a 5 
minute period spent under conditions of acute hypoxia. The time from cxminencement 
of the stay at an "altitude" of 12,500 m to beginning of the descent was character- 
istic of acute hypoxia tolerance or the ga a ge of overall resistance (the legitimacy 
of this last assunptior. is determined by all that was said in the introductory part 
of the article) . In addition there was an assessment of the condition of the cen- 
tral nervous system on the basis of the type and rate of respiration, of the type of 
motor reactions and condition of muscular tonus and finally of the condition of the 
animal following the "descent". Thus determination of the animal's overall resist- 
ance simultaneously provided material for assessing the resistance of the central 
nervous system. 

The judgment about the resistance of the skeletal muscles was nude on the basis 
of the rate of loss of physiological excitability of the isolated gastrocnemius im- 
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mersed in a non-aerated Ringer ablution with 5% ethyl alcohol. Every hour a liminal 
electric excitation was applied with rhythnic current for 1 micro s econd. The gradu- 
al stepping up of the excitation served as a criterion far the rate of excitability 
loss by the muscular tissue, i. e. muscular resistance to injury. The test rata and 
controls were inner sed in the seme vessel in order to equalized experimental condi- 
tions. 


Results of the 


Changes in Body Weight. Table 2 presents changes of body weight in g r a m s and percent 
of initial values. It is quite clear, that the mean body weight of the control rats 
rose uninterruptedly, indicating the normal condition of the experimental animals. 

In succession there was a reduction in the gain of body weight by the co nt rol rats 
in the I, II and III series of experiments and this is explained by differences in 


Table 2. Mean changes (M+m) of body weight of rats (in grams) following 
combined action of hypoxia and hypokinesia (series I) , following ad- 
aptation to hypoxia (series II) and after hypokinesia (series III) 
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Key: a. Experimental series e. hypoxia adaptation 

b. Test rats f. hypokinesia 

c. Controls g. controls 

d. Initial 


initial weight: 170-235 g (series I) , 195-260 g (series II) and 230-310 g (series 
III) . The difference in the initial weight of the animals was determined by the 
time lapse created by the three series of experiences with the same general group of 
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rats. Thus the rats of series III were 80-90 days older than those in aeries I. It 
is well kncwn, that the amount by which body weight increases is inversely propor- 
tional to the animals' age. However it is inportant to keep in mind, that the ani- 
mals were not old in any of the three series. Maxinun age was 9 months. 


The data presented in the table are graphic testimony to the positive effect of 
prior adaptation to hypoxia in respect to the subsequent reaction of the organism to 
hypokinesia. Thus, if the body weight of the hypokinetic (HK) rats (series III) 
after 30 days (HK^g) dropped 15-17% and after 50 days hypokinesia (HK 5Q ) dropped 27% 
the 50 days hypokinesia following prior adaptation for a month to hypnia (AH) and 
against that background (series I) resulted in only a 14% drop in body weight, i. e. 
nearly one half less than for the rats with 50 days hypokinesia without prior hypo- 
xia adaptation. 

Table 3. REACTION OF RMS TO ACUTE HYPOXIA (BEING AT "ALTITUDE" OF 12,500 M) 
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The experiments showed, that out of 15 control rats 9 were capable of tolerating 5 
minutes exposure at an "altitude" of 12,500 m without interruption of breathing or 
a general spasmodic attack. However after 50 days hypokinesia the longest survival 
time under conditions of acute hypoxxa was 1 min 30 sec. For most rats in this group 
(4 out of 6) respiration ceased already during the "ascent" and at the m oment when 
12,500 m was reached clinical spasms developed and breathing was terminated. One rat 
died under these conditions and the other could only be revived by artifical respi- 
ration. Sudden restlessness, spasmodic twitching, oonplete afconia in the intervals 
between spasmodic mo v eme n ts, pathological respiration and a very serious condition 
following "descent" were observed in all the rats of this group without exception 
and appeared to a greater degree than in the animals after 30 days hypokinesia or in 
the control rats. The external appearance of animals with 50 days hypokinesia was 
evidence of deep seated pathology: their fur was ruffled and fell out in cluqpe. 



Fig. 1. Respiration rate of rats during stay at 12,500 m "altitude" 
Ordinate - 10 second breathing rate; abscissa - stay in minutes at 
"altitude" of 12,500 m. 1 - AH—, 2 - 3 - AHg Q , 4 - HK 3Q , 

5 - control, 6 - HK^g 



Fig. 2. Change in excitation threshold of isolated gastrocnemius muscles. 
Ordinate - excitation threshold in volts; abscissa - time in hours. 1 - 
AH 3 o and AHg 0 ; 2 - AHgg+HK^, 3 - control, 4 - HKg Q 


A completely different picture was observed for animals who had also been sub- 
mitted to 50 days hypokinesia but had been previously adapted to hypoxia. As Is seen 
from Table 3, the stay of these animals at 12,500 m "altitude" was the same as that 
of the rats sinply adapted to hypoocla over 30 or 80 days. All of them tolerated a 5 
minute exposure. 

The reaction of the central nervous system for rats in the AH gQ -HK 50 group was 
likewise more similar to the reactions of rats adapted to hypoxia alone than far the 
animals In the HK^q group or the controls. Figure 1 shows respiration rate (at 10 
second intervals) during a 5 minute exposure to 12,500 m altitude. It is clear, 
that it is the same as that of the rats adapted to hypoxia alone for 30 or 80 days 
as well as the rats with 50 days hypokinesia and prior adaptation to hypoxia (cf. 
curves 1, 2 and 3). Already at the moment of "ascent" to 12,50 m respiration was 
rapid and continued so during the 5 minute exposure. An entirely different picture 
was observed in the groups of control and hypodynamic rats (curves 4, 5, and 6) . 

The chief distinguishing mark was the disappearance of respiration at the moment of 
"asoent" to 12,500 m and then, following a certain period of normalization, a fresh 
drop in the respiration rate. Breathing was particularly hard for the group of rats 
with 50 days hypokinesia (curve 6) . 

In respect to all other indices shown in Table 3 (absence of convulsions, type 
of respiration and muscle tone, general condition following "descent") the rats with 
prior adaptation to hypoxia and subsequent exposure to 50 days hypokinesia reacted 
to acute hypoxia in practically the same way as the animals well adapted to hypoxia 
and they differed strongly in their reactions from the controls or the animals who 
had been exposed to 50 days or even 30 days hypokinesia without prior adaptation to 
hypoxia. 

Thus the resistance of the overall organian and central nervous system for /438 
rats with prior adaptation to hypoxia and then subjected to 50 days hypokinesia was 
somewhat lower than far animals adapted to hypoxia without hypokinesia but signifi- 
cantly higher than for control animals not subjected to any influences and likewise 
in oarpariaon with rats subjected to 30 and especially 50 days hypokinesia without 
prior hypoxia adaptation. 

Resistance of Isolated Skeletal Muscles. An analogous picture was observed in de- 
termining resistance of skeletal nu3cl«s. One may see from Figure 2, that the high- 
est resistance (i. e. lowest rate of increase in the excitation threshold) is shown 
by the nuscles of rats adapted to hypoxia over 30 or 80 days (curve 1) , then by the 
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Fig. 3. Content of erythrocytes (A) in millions and hemoglobin (B) 
in g % in blood of rats. 1 - oontrol, 2 - AH, n , 3 - AH_ n , 

4 - hk 50i s - ah 30 *hk 50 

muscles of rats subjected to 50 days hypokinesia with prior adaptation to hypoocia 
(curve 2) and finally by the nuscles of the control animals (curve 3) . The lowest 
resistance to injury was noted for rats following 50 days hypokinesia (curve 4) . 

Red Blood Picture. It is seen from Figure 3, that hypoxia adaptation evoked the 
usual reaction on the part of the hematopoietic system: there was a rise in hemo- 

globin content and in the erythrocyte count, i. e. an increase in the blood's oxy- 
gen content. The lesser degree of increase in erythropoiesis in the group of rats 
with 80 days hypoxia training should be explained, it seems, by a decrease in the 
acuteness of the hypoxia effect following a 30 day period of training in the de- 
compression chamber. 

There is a very great point of interest in the values characterizing tne oxy- 
gen content of the blood in rats following hypokinesia. In the case of 50 days hypo- 
kinesia we see a drop in both the erythrocyte count (not reliable due to the great 
scattering of values) and the hemoglobin conte.it as canpared with oontrol values. 

In regard to the oxygen content of the blood in rats with 50 days hypokinesia ex- 
erting its influence after prior hypoxia adaptation and against that background 
there was no difference from the oontrol values; in fact it surpassed the level of 
values for rats with 50 days hypokinesia exerting its effect in isolation. At the 
same time it cannot be ignored, that even in this case hypokinesia was a factor in 
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reducing the activity of erythropoiesis, since the blood oxy gon content of animals 
in the AH+HK group mbs lower than for those who had hypoxia adaptation without the 
concu r r ent effect of hypokinesia. However it is import a nt, that prior adaptation to 
hypoxia and extended training for hypoxia during the period of the action of hypo- 
kinesia appeared as a positive influence revealing itself in the fact, that the e- 
rythrocy te and hoooglobin co n ten t of the blood ri'—i ned at a sufficiently high level. 

Evaluation of Results 

Simmarizing generally it should be noted, that, as in our previous experiments, 
data was obtained testifying to the fact, that hypoxia adaptation increased the non- 
specific resistance of the organism. In this particular case it took the form of 
the animals' increased resistance to the action of hypokinesia. 

In our view results of the use of hypoxia training as a prophylactic device 
may vary depending on the way it is used. In cur previous research on prophylaxis /439 
against the radiation syndrome it was node clear, that a positive effect was noted 
only if hypoxia training preceded irradiation [1]. If, however, hypoxia training 
began inmedia tely aftar irradiation, the radiation syndrome developed to an even 
more serious extent [2] . We explained this difference by the following circumstan- 
ces. Inaanuch as hypoxia training raises the resistance of the organism, its tissues 
and cells, any adverse effect on such an organ! an is inevitably weakened. However if 
at the same time two e xtr eme irritants, such as penet ra ting radiation and hypoxia (or 
hypokinesia and hypoxia) , begin to act upon the organism, the initial stress condi- 
tion of the organism is aggravated and the final type of reactions on the part of the 
arganian may not be univocal. 

The literature contains descriptions of experiments where at ora and the same 
time rata began to be subjected to hypokinesia and training for hypoxia correspond- 
ing to an "altitude" of 5,000 and 7,000 m far a 30 day period [7]. In this context 
the finding was an increase in the blood's oxygen content, less pronounced influence 
of hypokinesia on the activity of proteolytic enzymes of the stomach and weakening 
in the disruption of mineral metabolism (the latter only with training to an "alti- 
tude" of 5,000 m) . On tie basis of the data obtained the authors were right in com- 
ing to the conclusion, that hypoxia training might be used as one of the means of 
defense against the adverse effects of hypokinesia. 

However it appeared, that when there was a simultaneous combination of hypoki- 
nesia and training far hypoxia the animals' body weight decreased more than when 
they were subjected to hypokinesia alone. For these animals resistance to overload 
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decreased and resistance to acute hypoxia, just as in the case of exposure to hypo- 
kinesia alone, did not change, although it was 6.1 times higher far rats adapted to 
hypoxia without the influenoe of hypokinesia. Further it became clear, that when 
there was hypoxia training at an "altitude" of 7,000 m hypokinesia induoed less se- 
vere disruption of mineral metabolism than when the only influence was hypokinesia. 

All the facts enumerated above show, that there is a need for researching the 
optimal regimes for using hypoxia training as a defense against the pernicious ef- 
fects of hypokinesia. 


10 


KEFEKfcNJES 


1. Bartashova, Z. I. , DAN SSSR [Proceedings of the Soviet Acadeny of Scienoes] 

101, 379 (1955) 

2. Bartashova, Z. I., DAN SSSR 102, 1219 (1955) 

3. Bartashova, Z. I. in the collection: Problany evolyuts. fiziolog. funktaiy 

(Problem of the Evolution of Physiological Function*] 116, Soviet Academy 
of Sciences, Hoecx>w- Leningrad, 1958. 

4. Bartashova, Z. I., Akklimatizatsiya k gipoksii i yeye fiziologicheskiye mekta- 

nizmy [Acclimatization to Hypoxia andl Its Physiological Mechanisns] , Publi- 
cation of the Soviet Acadeny of Sciences, Moeoow-Leningrad, 1960. 

5. Bartashova, Z. I., Usp. fizioloo. nauk [Progress in the Physiological Sciences] 

1, 70 (1970) 

6. Bartashova, Z. I., fm. K. Zhukov, S. M. Baklanova, L. Ya. Borisova and G. I. 

Grigar'eva in the book: Adaptatsiya organ! ana k myshech . deyatel 1 nost i 
1 gipokinezii [Adaptation of the drganiin to Muscular Activity and Hypoki- 
nesia] 26, Novosibirsk, 1970. 

7. Vasil' ev, P. V., V. B. Malkin, A. I. Voloshin, Ye. V. Loginova, V. Ye. Potkin, 

H. A. Roahchina and N. N. Uglova, Vest. AW SSSR [Journal of the Soviet 
Acadeny of Medical Sciences] 9, 78, (1971) . 

8. Zhukov, Ye. K. , Bartashova, Z. I. and V. V. Fedorov, Fi ziolog. zh. SSSR [Sovi- 

et Journal of Physiology] 57, 1240 (1971) . 

9. Prokhazka, I., I. V. Khavkina and Z. I. Bartashova, ibid, 59 (1973) 

10. Tavrovekaya, T. V. and V. Ya. Plotkin, Mater, sinpoziuna qunoral'noy regulatsii 

kr o v et v are n lya [Materials of the Synposium for Humoral Regulation of Heneto- 
poiesis] 8l, Ministry of Health of the Armenian SSR, Yerevan, 1972. 

11. Bartashova, Z. I., Handbook of Physiology: Environment 4, 37, Washington, 1964. 


11 


